Background: Market integration (MI), the suite of social and cultural changes that occur with economic development, has been associated with negative health outcomes such as cardiovascular disease; however, key questions remain about how this transition manifests at the local level. Aim: The present paper investigates the effects of MI on health among Shuar, an indigenous lowland Ecuadorian population, with the goal of better understanding the mechanisms responsible for this health transition. Conclusions: This study provides evidence that MI among Shuar is not a uniformly negative process but instead produces complex cardiovascular and metabolic health outcomes.
INTRODUCTION
The recent global increase in chronic, non-communicable conditions such as cardiovascular and metabolic diseases has been a major focus of epidemiological research over the past several decades. Cardiovascular disease (CVD; heart disease and stroke) is now the leading cause of death worldwide, affecting populations in both developed and developing nations (Chobanian et al. 2003; Pollard 2008; WHO 2008) . Similarly, metabolic diseases such as type II diabetes (T2D) have increased rapidly throughout the world, with over 360 million individuals projected to have diabetes by 2030 (Hossain et al. 2007 ). Cardiovascular and metabolic diseases are closely linked with overweight and obesity, which have also increased rapidly in recent years, as over 1.5 billion adults worldwide are currently considered overweight or obese (WHO 2000) . Risk factors for CVD and T2D include tobacco use, alcohol consumption, chronic psychosocial stress and physical inactivity, but dietary change associated with increased consumption of energy-dense, highly processed foods is thought to be of prime importance (WHO 2002; Dressler 2004; Pollard 2008) . Despite progress on understanding this epidemiological transition, it has been difficult to empirically link regional social and economic changes to individual behaviours and health outcomes. As a result, the specific mechanisms responsible for the recent increase in CVD and T2D remain incompletely understood.
Market integration (MI), the suite of social and cultural changes that occur with economic development, is a key factor affecting individual health outcomes among indigenous groups. Although debate exists over how best to conceptualize and operationalize MI (Dressler and Bindon 2000; McDade 2002; Godoy et al. 2005; Lu 2007; Sorensen et al. 2009; McDade and Nyberg 2010) , this process involves the emergence of market-based systems of exchange and, specifically, the increased degree of participation in and dependence on markets to obtain food resources (Godoy 2001; Godoy and Cardenas 2000; Godoy et al. 2005; Lu 2007 ). The transition from a subsistence-based lifestyle to a market economy influences myriad dimensions of life (e.g. diet, activity patterns and psychosocial stress) (Friedlaender et al. 1987; McGarvey et al. 1989; HussAshmore et al. 1992; Shephard and Rode 1996; Bindon et al. 1997) . There is, however, disagreement about whether MI produces overall negative, positive or mixed effects on health (Godoy and Cardenas 2000; McDade and Nyberg 2010) . In many studies, MI has been linked to negative health markers related to CVD and T2D (e.g. high fasting glucose concentrations, elevated plasma lipids, hypertension and obesity) (Baker et al. 1986; Dressler et al. 1987; Gohdes 1995; Bindon 1995; Shephard and Rode 1996; Dressler 1999 Dressler , 2004 Gurven et al. 2012 ), whereas, in other studies, MI has been linked with improved growth and lower mortality risk, particularly for children, as a result of increased dietary diversity and access to healthcare (Dennett and Connell 1988; Santos and Coimbra Jú nior 1991; Gage 2005) . Further, research among groups such as native Siberians has identified a positive correlation between continued participation in subsistence-based lifestyles and elevated risks of CVD . Additional studies have suggested that cultural and economic transitions produce mixed and ambiguous health outcomes, which may change over time due to multiple, conflicting pathways (Berry et al. 1986; Godoy et al. 2005; Steffen et al. 2006) . These inconsistent results underscore the need to clarify the multiple social and economic factors that influence health change among populations experiencing MI and to better understand how regional and global factors influence the experience of MI at the household and individual level.
A further complication is that adaptation to local environments may shape how different populations experience the health effects of economic and social change (Waldron et al. 1982; McGarvey et al. 1989; Bindon 2007; Snodgrass et al. 2007 ). For example, the main cardiovascular risk factor for native Siberians is high blood pressure, yet these populations display relatively favourable blood lipid levels Snodgrass et al. 2007 ). This contrasts with the Pima of North America and Aboriginal Australians who appear to be particularly susceptible to insulin resistance and T2D (O'Dea 1991; Resnick et al. 2003) . At present, the extent to which genetic and lifestyle factors interact to shape regional variation in chronic disease patterns remains unclear, yet links between health risk and metabolic patterns suggests that there may be an adaptive component to this variation (Snodgrass et al. 2008) . A major challenge facing researchers is to connect specific cultural and lifestyle changes to health outcomes and to explain intra-and inter-population variation in health profiles. These findings again highlight the complex, inter-related pathways-including genetics, behaviour, healthcare, environmental resources and demographics-by which changes in economic, social and cultural systems can impact individual health and lead to significant differences among populations in chronic disease prevalence.
One final issue related to MI and health is the paucity of research focused on the consequences of dietary and lifestyle change for indigenous South American groups. The few studies that do exist document variable effects of greater MI on child growth (Foster et al. 2005; Blackwell et al. 2009; Piperata et al. 2011) , as well as higher rates of cardiovascular and metabolic risk factors such as obesity and elevated plasma glucose (Pavan et al. 1999; Tavares et al. 2003; Lindegärde et al. 2004 Lindegärde et al. , 2006 Lu 2007; Valeggia et al. 2010) . Further, previous research among native South Americans has generally focused on single markers of cardiovascular or metabolic health (e.g. blood pressure, total cholesterol, fasting glucose or obesity), which gives an incomplete and narrow picture of the health implications of culture change in these populations.
The present study broadens the literature on these issues by examining MI and a variety of markers of cardiovascular and metabolic health among Shuar, an indigenous population from Amazonian Ecuador. Shuar currently experience a wide range of MI both within and between communities. In general, however, communities in the Upano Valley (UV) have greater access to roads and towns, which increases access to wage labour as well as markets for sale and purchase of food. In contrast, villages east of the Cutucú mountain range have limited road access, and most people in this region remain largely dependent on horticulture, fishing and hunting for daily subsistence. Thus, while Shuar populations are closely genetically related and share a common recent culture, their variation in market access and integration into a market economy provides an excellent opportunity to examine the effects of rapid economic development on individual health. The present study has the following three objectives:
. Objective One: Evaluate the health of indigenous Ecuadorian Shuar to characterize patterns of cardiovascular and metabolic risk. We hypothesize that Shuar will display relatively favourable cardiovascular and metabolic health profiles based on current clinical guidelines from the US and other industrialized nations. This expectation is based on the overall low degree of MI among Shuar and their continued reliance (although to varying degrees) on a subsistence lifestyle. . Objective Two: Compare cardiovascular and metabolic health of Shuar from the UV and Cross-Cutucú (CC) regions. We hypothesize that UV Shuar will demonstrate less favourable cardiovascular and metabolic health profiles (assessed based on fasting glucose, lipids and blood pressure) as a result of increased exposure to and engagement with the cultural and economic systems associated with Western societies. . Objective Three: Examine how specific factors related to MI, including dietary and lifestyle measures, are associated with different cardiovascular and metabolic health outcomes. We hypothesize that increased consumption of market-based foods (e.g. soda, rice and processed carbohydrates), ownership of more consumer goods and residence in a household with modern features indicate greater participation in the market economy and will be associated with poorer cardiovascular and metabolic health.
MATERIALS AND METHODS

Study populations
This study was conducted among the indigenous Shuar of lowland Amazonian Ecuador in the province of MoronaSantiago (Figure 1 to colonial expansion to the present day (Karsten 1935; Stirling 1938; Harner 1984; Descola 1994 Descola , 1996 Rubenstein 2001) . First direct contact between Shuar and non-Shuar (Colonos) was with Spaniards in 1549. Shuar later expelled the Spaniards from their territory in 1599 and permanent trade was not re-established until the 1890s. Through the renewed trade system, Shuar gained access to shotguns and expanded eastward from the UV and Paute river drainage across the Cutucú mountain range, which remains the main geographic barrier limiting economic development in the eastern lowlands. Missionization started in the 1940s, but larger-scale colonization did not begin until the 1950s. With the formation of FICSH in the 1960s to protect Shuar interests, most households began clustering in centros (i.e. communities or villages) in response to various political exigencies. At present, the Ecuadorian Shuar are a rapidly growing population of , 60 000-110 000 persons living in 668 communities (Rubenstein 2002; CODENPE 2012) . With very few exceptions, Shuar living in communities remain a natural fertility population with limited contraception-use: average age at menarche , 13 years, first parturition 17.5 and average lifetime live births among postmenopausal women 8.4 .
Geographically, the UV is characterized by montane neotropical forest, while the CC is characterized by forest ranging from montane to lowland floodplain. The UV region experiences less rainfall and temperature variation across the year compared to CC; for example, average temperature in the UV ranges from 16 -208C, while temperature in the CC region averages between 24 -388C .
Although some Shuar live fully market-integrated lifestyles in towns, diet within Shuar communities remains based primarily on subsistence horticulture (Harner 1984; Descola 1996) . Each Shuar household typically has two or three gardens at different stages of production or a single large garden, with intercropping and staggered planting seasons. Gardens provide the primary source of carbohydrates, contributing , 65% of dietary calories. Staple foods include yucca and plantains, which are consumed daily. Other important crops include sweet potato, bananas, palm, maize, papaya, pineapple and sugar cane (Harner 1984) . Hunting was traditionally practiced with blowguns, dogs and traps, but shotguns have been used for a hundred years. In some areas, collared peccary continues to be an important source of game, as well as paca, tapirs, armadillos and several monkey species (e.g. woolly, howler and capuchin) (ZapataRíos et al. 2009 ). Traditional fishing involved two kinds of fish poisons (barbasco or timiu), although nets and hooks/lines are now also used. While no direct observational data on hunting and fishing productivity in the UV are currently available, ethnographic observations, interviews and food frequency data indicate that hunting and fishing near UV communities has declined, while these foraging practices, particularly fishing, remain productive and important subsistence regimes in the CC area.
In UV communities, most Shuar now purchase a range of market items and engage in some market-oriented agropastoralism or wage labour. For example, in a 2005 survey, 19% of households in this region sold timber in the past year, 30% sold crops of some kind and 38% either owned a cow or raised one owned by another person (McSweeney and Jokisch 2007) . A few Shuar earn salaries as government employees (e.g. school teachers or nurses), but most wage labour is based on day-work, in which both male and female UV Shuar participate. Further, most UV Shuar currently live within walking distance of roads, reside in large communities and have divided land into individually-owned plots (Rubenstein 2001; Lu 2007; Madimenos et al. 2011 ). The UV sample in the current study includes rural communities located , 45 minutes outside of the town of Sucú a by paved and dirt road. These villages offer water lines coming from fresh-water springs, electricity for those who can afford it and regular access to small stores and markets in town and the regional centre.
In contrast, the CC communities are located , 9 hours by bus and an additional 6 -12 hours by motorized canoe from the regional centre (at the time of data collection). Individuals in these communities have no direct road access and less reliable travel infrastructure, primarily due to frequent landslides and limits on canoe travel during high or very low river stages. As a result, CC villages lack efficient market access; thus, subsistence remains based on fishing, hunting and horticulture, with limited agricultural, cattle or timber sales (Blackwell et al. 2009; Zapata-Ríos et al. 2009; Madimenos et al. 2011) . Only adults ($ 15 years) were included and participants ranged in age from 15 -90 years. Ages were determined by birthdates on government identification cards and the collection of extensive genealogical information, which included details about siblings and offspring, in order of birth. Overlapping genealogies were collected from multiple informants to cross-check information (Blackwell et al. 2010) . Pregnant women were not included in the study.
All individuals were measured and interviewed at least once, while some individuals were examined across multiple field seasons. In cases where individuals had repeated measurements, the most recently collected health, lifestyle and diet data from a single field season was used for analysis. For each participant, lifestyle and diet data were collected concurrently with the cardiovascular and metabolic health measures. Most individuals came from separate households (348 individuals from 299 households).
The study was approved by village leaders, FISCH and the Office for the Protection of Human Subjects at the University of Oregon. Informed verbal consent was obtained from all participants.
Anthropometric measurements
Anthropometric measures were collected using established procedures (Lohman et al. 1988) . One researcher was assigned to collect all of the measurements using a given technique during each field season and attempts were made to use the same researcher across multiple seasons. Training sessions were conducted prior to each field season to minimize inter-observer error. Stature was recorded to the nearest 1.0 mm using a field stadiometer (Seca Corporation, Hanover, MD). Body weight was measured to the nearest 0.1 kg (with participants in light clothing) using a Tanita BF-558 electronic scale (Tanita Corporation, Tokyo, Japan). Three circumferences (waist, mid-arm and hip) were recorded. Stature, weight and all body circumferences were determined by a single measurement. Body fat was estimated according to the sum of four skin-folds (triceps, biceps, subscapular and superiliac) using sex-and agespecific equations (Durnin and Womersley 1974) . Skin-fold measurements were repeated 3-times without clothing and estimated to the nearest 0.5 mm with Lange skin-fold calipers (Beta Technology, Santa Cruz, CA).
Health measures
To evaluate cardiovascular health, a finger prick with a sterile, disposable lancet was used to obtain 35 mL of whole capillary blood, which allowed for measurement of total cholesterol (TC), HDL cholesterol, LDL cholesterol and triglycerides. Fasting glucose concentration was measured from 15 mL of whole capillary blood, typically obtained from the same finger prick. Both samples were assessed using a CardioChek PA clinical system and PTS panels (Polymer Technology Systems, Indianapolis, IN) . This instrument provides immediate measurements of glucose and lipid values and meets US standard clinical guidelines for accuracy and precision. All measures were obtained from participants after a 12-hour fast. The CardioChek PA classifies individuals with triglycerides below 50 mg/dL as 'low' with no numeric value provided; in these cases, LDL cholesterol cannot be calculated since LDL values are estimated using the Friedewald Equation (LDL ¼ TC -HDL -TG/5).
As recommended by the US National Cholesterol Education Program (NCEP 2001), desirable lipid levels are: TC , 240 mg/dL; HDL $ 40 mg/dL; LDL , 160 mg/dL and triglycerides , 150 mg/dL. Fasting glucose levels were classified based on American Diabetes Association (ADA) guidelines as normal (, 100 mg/dL), impaired fasting glucose (100 -126 mg/dL) and diabetes ($ 126 mg/dL) (Genuth et al. 2003) .
Arterial blood pressure was measured as systolic blood pressure (SBP; mmHg) over diastolic blood pressure (DBP; mmHg). All participants sat in a relaxed position while a trained observer collected a single measurement with an automatic Lifesource UA-767 Plus blood pressure monitor (A&D Medical, San Jose, CA). Following guidelines from Kaplan (2002) , SBP at or above 140 mmHg and/or DBP at or above 90 mmHg were classified as hypertensive, values between 120/80 and 139/89 mmHg were prehypertensive and levels at or below 120/80 mmHg were normotensive (WHO/ISH 2003).
Lifestyle factors
Structured interviews were conducted to collect basic demographic and lifestyle information. All instruments were administered in Spanish, which most Shuar speak fluently. A bilingual assistant translated for those participants not fluent in Spanish. All participants were asked a series of questions from a modified version of the Material Style of Life (SOL) Index (Bindon et al. 1997; Leonard et al. 2002) . The SOL is simply a list of market items, and SOL scores are the sum of the number of index items a household owns. For this study, we constructed two scales, referred to as Traditional Style of Life (T-SOL) and Market-Integrated Style of Life (M-SOL), to assess not only market good ownership but ownership of goods involved in traditional subsistence activities.
The selection of items in the Shuar SOL was based on several years of ethnographic observations by one author (Sugiyama) and initial interviews conducted with extensive lists of items that were shortened after pilot testing (unpublished data). Items were selected that were not so common as to lack variation between households (e.g. pots and machetes are owned by all households so were not included in the final scale), but not so rare as to be unique to individual households. We also selected items representing a continuum of investment in the traditional economy or involvement in market trade. For example, chainsaws require a large initial investment and the continual purchase of gasoline. The final T-SOL scale contained six items reflecting investment in a foraging lifestyle (fishing hook/line, hunting dogs, blowgun, firearm, fishing net, canoe), while the M-SOL scale included 12 items reflecting investment in a market economy (radio, propane stove, mobile phone, TV, chainsaw, bicycle, refrigerator, computer, outboard motor, motorcycle, car, truck). Individual scores were calculated as the fraction of list items owned (range 0-1).
Six household measures were also incorporated as indices of household permanence, access to infrastructure (water and electricity), market participation and pathogen risk. These included [in order of increasing market integration (with values and scores in parentheses)]: floor (0: dirt, 1: palmwood, 2: milled lumber, 3: concrete), wall (0: palmwood, 1: milled lumber, 2: cinder block), latrine type (0: none, 1: pit toilet, 2: outhouse with water, 3: indoor toilet), water source (0: river/stream/spring pond, 1: well or outdoor pipe, 2: indoor pipe), electricity (0: none, 1: lights, 2: outlet) and number of rooms in house. A Household Style of Life (H-SOL) value for each individual was computed based on a summation of the scores shown.
In general, high T-SOL values indicate greater participation in subsistence activities, while high M-SOL and H-SOL values indicate greater participation in market activities. However, it is important to note that, although across households the M-SOL and H-SOL are positively correlated with each other and negatively correlated with the T-SOL, individual households could be high on all scales, low on all or any combination. For this reason, separate analyses based on the T-SOL, M-SOL and H-SOL scores were conducted.
Dietary factors
In accordance with standard field techniques used to measure dietary composition (Rimm et al. 1992; Rutishauser and Black 2002) , a Food Frequency Questionnaire (FFQ) was administered via structured interviews to collect information about common food items and typical fooduse patterns among Shuar. The FFQ was designed to efficiently assess variation in diet between individuals rather than to provide exact caloric or nutritional estimates. During pilot work, 24-hour food recalls were collected from several dozen individuals (unpublished data). Foods listed in these recalls and/or known from extensive ethnographic work were combined into a food frequency questionnaire, which included 19 common food items or food categories (e.g. rather than ask about individual foods, items such as chicken, duck and turkey were combined into a single poultry category, as were sugary drinks, fruits and so forth) ( Table I) . Participants were asked how often a specific category or type of food was consumed and could respond with reference to the unit of time preferred (per week, per month or per year). To account for seasonality, individuals were asked whether their patterns were typical for the year or if their consumption pattern varied seasonally or based on occasional cash flow. Responses were then standardized as consumption frequency per year (i.e. an item consumed daily was counted as 365 times per year).
Statistical procedures
Reduction of dietary factors. Due to the large number of dietary variables, FFQ data were reduced to a few manageable factors capturing the primary dimensions of variation. First, the internal consistency of the FFQ was calculated to determine the degree of inter-correlation between the food items, which is a standard psychometric procedure used prior to a principal components analysis. As indicated by Cronbach's coefficient alpha, the internal consistency of the FFQ was relatively high (a ¼ 0.72). Thus, all 19 items were retained for assessment and were evaluated with principal components analysis in order to examine the patterns of correlations between food items and to reduce dietary variables into manageable factors for multivariate statistical tests (Tabachnick and Fidell 2012) . Further, the 19 items in the FFQ were rotated using an oblique promax procedure to maximize the factor loadings and improve the interpretation of results. Based on the scree test, five components with eigenvalues greater than one were identified. Table I presents the factor structure of the rotated solution, which cumulatively accounted for 49.1% of the item variance. Market products such as rice, bread and soda loaded positively on the first component, which included seven items and was classified as the Market Food Component (Factor 1). Local plant greens, fruits, vegetables/legumes and eggs loaded onto the second component, which was identified as the Fruits, Vegetables and Eggs Component (Factor 2). The third component included chicken and two items related to hunted game (hunted game and hunted birds) and was described as the Hunted Game and Chicken Component (Factor 3). Two items, fish/shellfish and beef, loaded onto the fourth component, which was defined as the Fish and Beef Component (Factor 4). Market food products high in refined carbohydrates, such as pasta, clustered onto the fifth component, while local carbohydrate-based products, such as potatoes, yucca and plantains, were negatively associated with this dimension; this construct was named the Market Carbohydrates Component (Factor 5). For all subsequent analyses, the five food components were used as indicators of dietary patterns. Positive FFQ values indicated greater consumption of a specific food category, whereas negative FFQ values specified lower consumption. All FFQ analyses were conducted with sexes combined.
Hypothesis testing. Prior to analysis, all variables were examined for accuracy of meeting standard parametric assumptions. Some variables were slightly skewed so tests were conducted with both log 10 -transformed and nontransformed data. Using transformed values did not significantly change results; thus, tests with nontransformed values are reported since they are more interpretable. We excluded one 32-year-old woman from a CC community who had a fasting glucose level of 299 and was identified as a statistical outlier. Given her age and the extreme nature of her health status, we suspect her condition was either untreated type I diabetes or perhaps a secondary complication of an undiagnosed medical ailment.
. Objective One: Descriptive statistics were calculated to characterize patterns of cardiovascular and metabolic health among Shuar. Independent-samples t-tests (twotailed) were used to evaluate differences between males and females from the same subject population (e.g. Shuar males from the UV vs Shuar females from the UV) for age, the seven health markers (glucose, TC, HDL, LDL, triglycerides, SBP and DBP) and anthropometrics (BMI and percentage body fat). 
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Ann Hum Biol Downloaded from informahealthcare.com by University of Oregon on 02/11/13 dependent variable was not statistically significant but did show a positive trend. Age and sex were significant predictors of TC, HDL, LDL and SBP. BMI was a significant predictor of triglycerides and DBP. For the LDL cholesterol model, two food factors, Hunted Game and Chicken and Market Carbohydrates, were significant predictors. In the glucose regression model, the Fruits, Vegetables and Eggs food factor was a significant predictor, indicating that greater consumption of fruits, vegetables and eggs is associated with lower glucose levels (Table VII) .
DISCUSSION
Objective One: Cardiovascular and metabolic health profiles among Shuar As expected, the present study demonstrated that indigenous Shuar males and females have relatively favourable cardiovascular and metabolic health profiles according to established international guidelines (NCEP 2001; WHO 2002) . Thus, while village-living Shuar are experiencing varying degrees of MI across their territory, the population in general maintains a cardiovascular and metabolic profile that contrasts markedly with most industrialized nations. Nevertheless, our findings document considerable variation in cardiovascular health patterns within and between UVand CC regions. In part, this reflects the focus on multiple markers of chronic disease risk; however, it also suggests a relationship between MI and health that is heterogeneous and shaped by exposure to a range of factors associated with MI. For example, mean TC levels for males and females from the UVand CC regions were in the optimal range (#200 mg/dL), yet SBP levels for UV males were elevated ($ 120 mmHg). The higher SBP levels of UV males may be a consequence of increased exposure to the chronic psychosocial stressors associated with involvement in a market economy, including economic competition and the emergence of new markers of social status commonly linked to Western material goods and lifestyles (Dressler et al. 1987; Dressler 1999; Bindon 2007) ; however, this issue remains speculative until other biomarker (e.g. cortisol) data on adult psychosocial stress profiles are collected from a larger sample of adults than currently available .
This study also revealed important differences in cardiovascular and metabolic health between Shuar males and females. For example, females had significantly higher levels of TC, HDL, LDL and glucose than males. These results may reflect differences between Shuar males and females in their responses to dietary and lifestyle change, suggesting that there may be sex-specific physiological responses to the process of MI. Additional details about this finding are discussed below.
Objective Two: Comparing health measures between CrossCutucú Shuar and Upano Valley Shuar Our results partially support the second hypothesis that UV Shuar would display less favourable cardiovascular and metabolic health profiles than CC Shuar. For example, Shuar from the UV had higher TC levels than CC Shuar; however, this finding appears to be the result of higher HDL cholesterol levels and, therefore, is not necessarily consistent with poorer cardiovascular health. Further, contrary to our prediction, Shuar from CC had higher DBP levels. Overall, this study shows many similarities between the two groups and contrasts with a number of previous studies that document rapid declines in cardiovascular and metabolic health with sociocultural and economic transitions ( Baker et al. 1986; Dressler et al. 1987; McGarvey et al. 1989; Huss-Ashmore et al. 1992; Gohdes 1995; Bindon 1995; Shephard and Rode 1996; Dressler 1999 Dressler , 2004 . There may be several reasons for a less pronounced decline in cardiovascular and metabolic health among Shuar in this sample. First, ethnographic observations and interview data suggest that the consumption of highly processed starches or fatty foods often associated with chronic diseases, such as diabetes and obesity, remain limited among village-dwelling Shuar. Specifically, our FFQ data demonstrates that the dietary staples in these communities remain a few traditional crops (e.g. plantains and yucca), regardless of level of MI. Plantains and bananas, in particular, may be protective against adverse cardiovascular health outcomes due to potassium content. Second, major changes in MI among Shuar are relatively recent; thus, the cumulative duration of exposure to cardiovascular and metabolic risks is likely lower than many other populations experiencing lifestyle change. Further, parasitism by helminth may help maintain normal blood lipid and BP levels (Vasunilashorn et al. 2010; Liebert et al. 2011) . Indeed, helminth infections appear endemic, even in the UV Cepon et al. 2012 ).
An alternative explanation is that our measures of MI may be limited in their ability to capture the critical components of MI that affect cardiovascular and metabolic health. Future work is needed to develop a more nuanced understanding of the relationship between culture change and cardiovascular and metabolic health.
One difficulty of interpreting population variation in the effects of MI is the potential for sex differences in health markers. An important finding in the present study is that Shuar females from the UV have significantly higher levels of LDL cholesterol compared to CC females as well as UV males. It is unclear what is responsible for this pattern, but it appears that Shuar females in market-integrated communities are more susceptible to some of the economic and cultural changes in this region, perhaps as a result of shifting dietary and activity patterns. Although speculative, our work among a UV community has demonstrated significantly lower activity levels among women compared to men , suggesting that decreasing physical activity among Shuar women may contribute to the worsening lipid profile. Further, UV Shuar females are progressively acquiring wage labour jobs in town, thereby increasing their exposure to processed, high fat market-food items such as cookies and sweets, which may potentially lead to elevated LDL cholesterol levels. Future research is needed to clarify these relationships.
The present study demonstrates that MI does not have a simple, homogenous, negative effect on health. Although many studies have found MI to be associated with rapid deterioration of cardiovascular and metabolic health, our results are similar to several other studies in their findings of mixed health outcomes (Berry et al. 1986; Godoy et al. 2005; Sorensen et al. 2005; Steffen et al. 2006) . Whether MI has a positive or negative effect on health instead depends on local conditions and factors such as the character, intensity and duration of MI, the existing health and diet of the population prior to MI, biological factors that shape susceptibility to health problems and cultural factors that influence behaviour. These findings emphasize the importance of using a range of health, dietary and lifestyle measures to capture the multi-faceted dimensions of MI and to understand how different populations adapt to both the adverse and beneficial effects of cultural and economic change. (e.g. mobile phones and TVs) and have houses with modern features (e.g. tin roofs and electricity) tend to eat more market-type foods (e.g. soda, cookies, and rice), refined carbohydrates and beef. Conversely, Shuar who consume fewer market food items (e.g. hunted game and local carbohydrate products) and own more traditional products (e.g. canoe and blowgun) maintain a subsistence lifestyle with limited consumer goods. This study demonstrated partial support of our third hypothesis, which proposed that the consumption of market-based foods and the ownership of consumer goods associated with greater MI would be linked to adverse cardiovascular and metabolic health markers. For example, greater consumption of chicken is associated with higher LDL levels, which suggests that Shuar may be adopting dietary practices that afford greater access to animal-based products that are high in protein but also high in unhealthy fats (e.g. when chicken is fried). Contrary to our expectation, higher HDL levels were also associated with degree of household MI. While speculative, this finding may be a result of increased dietary diversity among households with more market resources. For example, rather than relying on a few staple carbohydrate products (e.g. yucca and plantains), households with greater MI may have more consistent opportunities to acquire a variety of fruits and vegetables sold in markets as well as protein-rich foods, thereby influencing their HDL levels.
Study limitations
This study has several limitations. First, participant sample sizes were uneven between the UV and CC groups (254 vs 94), which restricted our ability to conduct separate multivariate analyses for the Shuar groups, particularly separate principal component analyses of the food frequency data. This issue limited our capacity to examine how the relationships between dietary factors, lifestyle measures and cardiovascular and metabolic health markers varied between Shuar in different environments. Additional cardiovascular and metabolic health data were collected from CC Shuar during summer 2012, which will be used in future analyses to address these issues. Second, the present study used a food frequency questionnaire to assess dietary patterns, but, as applied in this population, it does not provide reliable quantitative information on intake of energy (calories) or nutrients (e.g. protein, salt or saturated fat). This limits our ability to link the intake of particular food items with health measures. Future research will include 24-hour diet recall measures in order to capture additional quantitative information about the Shuar diet. Third, while standard ethnographic and analytical procedures (Bindon et al. 1997; Leonard et al. 2002) were implemented to capture lifestyle variations among Shuar, the authors recognize that the SOL measures used in the present study provide an imperfect and limited representation of MI. However, despite these concerns, the present study attempts to identify culturallygrounded indices of material lifestyle differences among Shuar. In our future research, we plan to refine our current techniques as well as add supplemental measures of MI to enrich our understanding of the cultural and economic changes experienced by Shuar. Fourth, this study primarily focused on Shuar from small rural communities (with # 500 community members) but did not include Shuar who have grown up or lived in towns or cities, such as Sucú a, for substantial portions of their lives. Shuar from towns may experience more pronounced dietary and lifestyle changes associated with even greater levels of MI, along with increased risks of CVD. Finally, the present study evaluated the links between culture change and health using crosssectional data, but this approach is limited in its ability to make causal links and to detect trends over time . Our ongoing research is in the process of addressing all of these issues.
CONCLUSIONS
Previous studies suggest that there are several pathways by which cultural and economic changes impact individual health, including behaviour, healthcare and psychosocial stress, yet researchers disagree on whether the transitions associated with MI produce negative, positive or mixed effects on the health of individuals experiencing these changes. The present study provides evidence of variability in health, diet and lifestyle factors among Shuar, an indigenous population from the lowland regions of Amazonian Ecuador who are experiencing rapid MI. This research also paints a complex picture of the effects of MI on cardiovascular and metabolic health and suggests that MI does not necessarily lead to universally negative health changes in chronic disease. By collecting and evaluating data on multiple levels, including the individual, the household, the community and the region, this study is a first step in documenting the multi-faceted and dynamic processes of MI in southeastern Ecuador, thereby developing a more complete understanding of health in the context of cultural and economic change.
